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Wc G. D. Searle & Co. a Corporation 
organised and existing under the laws of the 
State of Delaware, United States of America, 
of Post Office Box 5 110,* Chicago 80, Illinois, 
United States of America, do hereby declare 
the invention, for which wc pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement : — 

The present invention relates to water- 
soluble anionic polysaccharide derivatives and 
a process for their preparation. 

Starch as it is obtained from any of ihe 
usual sources such as potatoes, contains two 
distinct and separable components. They are 
amy lose, characterised by linear chains only, 
and amylopcctin, possessing both linear and 
branched-chains. The physiochemical charac- 
teristics of each romponcnt arc dependent 
upon the source and also upon the fractionation 
method used for its separation. A specific 
characteristic contemplated is the size of the 
molecule, indicated, for example, by mca>urc- 
ment of molecular weight and molecular shape. 
Molecular weight data are obtained by light 
scattering-measurements. In addition, further 
characterisation is obtained by viscosity mea- 
surements. 

In the amylopcctin molecule, the I incur 
chains containing repeating glucose units joined 
by 1,4-glycosidie linkages, participate >n 
branch formation, wherein they are typically 
cross ? linkcd by 1,6-Llycosidic linkages. 'Hiose 
-lucosc units havi-ig only the 1,4-linkage 
possess three potentially reactive hydroxvl 
groups, while jhosc units possessing also the 
1,6- linkage have but two hydroxy 1 primp* 
available for reaction. In view of the fact 
that only about 2 — 4% of the glucose units 
in amylopcctin arc connected by branched - 
chain linkages however, it is apparent that 
there is an average of almost three potentially 
reactive* hydroxyl groups per glucose unit. 
Thus, varying degrees of substitution can be 

[Price 45. 6d ] 



achieved by control of the extent to which 
avail able hydroxyl groups are csteritied. By 
the process of the present invention sulpha ted 
umylopectins having vary inc. degrees of sub- 
stitution (i.e. substantially 1 to 1.8 sulphate 
groups per gluco>e unit) have been prod need. 

*1 Tic .present invention provides pepsin- 
inhibiting an anti-ulcerogenic sulphated amylo- 
pectins. containing from one to 1 N sulphate 
groups per glucose unir, and the w a r:r- soluble 
salts thereof, said sulphated amylopeuin pro- 
ducts having a molecular weight ot the order 
of 1 to 30 10 ; and being derived hum potato 
starch amylopcctin, characterised hy a mi le 
cular weight greater than l> 10\ which has 
suffered minimum degradation by sulphation 
under conditions causing minimal degradation. 
I In* snlphajie d ainylopect ins and their salts 
provju^aby the present invention have the 
property of high and rapid solubili'.v in water. 

'lTie present invention also incl-des a pro- 
cess for the production of the pepsin-inhibiting 
and anti-ulcerogcnic sulphated amylopectins 
and the water-solublc'salts thereof ol the pre- 
sent invention wherein potato starch amylo- 
jxxtiru which has suffered minimum degrada- 
tion and »s characterised by a molecular weight 
greater than I >' W is contacted with a sul- 
phaiing agent kiWwn to sulphate hydroxyl 
group* under conditions causing minimal de- 
gradation until 1 to l.K sulphate groups per 
glucose unit has been introduced. 

Piclcrably the sulphation is allowed to pro- 
ceed u» a degree of substitution o( substantially 
l/i sulphate groups per glucose unit. 

In choking the amylnpectin starting 
material it has been determined that mole- 
cular weight and degree of depolymcrisation 
suffered during the fractionation :>rocc*s are 
particularly significant criteria. A molecular 
weight in the range of 1 — 30 • 10 : is preferred, 
(llic expres>ion * molecular weight' as used 
herein refers to weiuln -average nm'ccular 
weight.}. l ? or the purpose of the present 
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™~" """"" . j • _i »— . M>«ia the present invention ere the phannaccutically 

invention, amylopcam derived f^P«» i5cRlS?w",.i«ck- salt, thereof, convenicnily 

starch (for, example, by iricctive F^P«" ,c " H'^, a variety of metallic catloni, 

with certain Inorganic salts a. described in . and 0 ^ anic bom Such aalti 
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and*bdnTTn the optimum range. The pre- 
ferred aufphated products of this invention arc 
charartcriied by a molecular weight m that 
same range as a result of sulphating conditions 
Involving minimum degradation. Starch trac- 
tions of lower molecular weight (e.g. amylo** 
or amylopcctins derived from maisc as well as 
those containing greater proportions ot 
amylosc) produced produas which arc lew 
desirable for the purposes of this invention. 

In the practice of the present invention, it 
has been found that the extent of sulphation 



ammonium ion*; and with organic fatsct «jch 
on: amines— suitably, trimrthyUatlw and tri* 
cthylaminc, and with rilatcd itJttj . 

Suitable procedures for the" : Uoteipn and^73 
nuritication of the sulphatcd amylopcctms and 
Alts thereof of this invention include the 
following utilised veparatcly or in combina- 
tion: ccntrifugaiiun; lyophilisation, i.e. ireczc- 
drying; dialvsis; drying; alcohol precipitation; 
and precipitation with quaternary ammonium 

S ° The sulphaicd amylopcctins and salts thereof 

18 ftulnhate 
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has been found that the extern «W« s^^^b^t^ to 1.8 sulphate 
of the amylopcam molecule can be controlled J . f h c5cnt invcn . 

by selection of the appropriate reaction conuV f ™^ U X,% rcu ; son 0 f iheir valuable 

tiU including such factors as : ^ o g^ioSal p^ic.. For example, they 

sulphating agent ratio of sulphating agent to P£££™ £ . £ £ c of p^ency as pepsin 

polVsaccharide, time, temr^ture -and pH I of £ ^ anti-ulccroge'nic agents. Par- 

miction mixture. Of the ~* * »^»» S w r« arc. the alkali metal and 

which can be used for the sulphatiofl i arc . ^ Y ^ present invention, 

chlorosulphonic add, alkali J"«al calorosuN ™«« f ^ £ r thcir 

phonatcs, sulphamic acid, su lphuryl chlondc, uhun ar i w;UCT . so lubiliiy. It has 

gaseous sulphur, triox dc, a mixture < ^odmm A n lhat ; in RtfncraU conditions leading 
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gaseous sulphur, trioxidc, a mixture podium «^'» , conditions leading 

nitrite and sodium bisulphite, and J^^ 1 "^ h a vin £ mo rc than sulphate 
30 of sulphur trioxtde with an organic ■ b« I*?- glucose mm produce rfcducts that 

sulphur tnoxidc-trimcthylaminc, sulphur tri- >^Jf tic J nl | y lcMl Jucr-soUible and tl.us 

uxidc-tricthylaminc, sulphur trioxidc-pyr dine, arc W 1 "" * 

sulphur trioxidc-dimcthylanilinc ?"d "lphur ^ ^ of lhc ^ invention the 

trioxidc-dioxanc, and sulphur tnoxidc-bis(2- u i we w . r ia _i 6 . 5 r/ r of 100 

35 chroroethyi)ether]. With the selection of the «g ^^^i;'"^ pepsin inhibiting 

appropriate sulphating agent, corresponding suipnur j 1 , c > ic 7 

S conditions (such as time, and A ^3^^ and useful cmbxJdi- 
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reaciiu" wwnuiuwm (such — -- . 

pH and solvent) known to one skilled iff t^c 
art will suggest themselves. For example, 
one skilled in the art would recognise the 
necessity of reducing the extreme hydrolytic 
or degrading effect of certain sulphating agents 
by utilising a corrective solvent, e.g. chloro- 
sulphonic acid can suitably be used in pyridine 
or formaroidc. Use of a large excess i f a 
vigorous sulphating agent, for example, ^nlom- 
snlphonic acid under the conditions dcsvnbcd 
hv P. Bernfcld et ol.. 7- <'''\ m ' 

2852 (I960) should be avoided since this 
affords compounds which arc not water- 
soluble and thus undesirable for the purposes 
of this invention. . 
r A panicularly useful sulphating agent i* the 
sulphur trto:ddc-trimcthylamine complex, l he 
55 procedure utilising this reagent can be con- 
veniently carried out in water, in the presence 
of alkali* and preferably at a temperature from 
0° C to 100° C, inclusive, fur a penou 

of 2 to 100 hours. Since temperature and picx. abinVt 'l 2— 24^ hours at room 

6Q rime are interpendent, use of a !^Zit;"nTSn at 40-*H for 1-15 125 

temperature will require a longer rcaa ion time. trn ^ raiu 

l hc compounds produced ^J h « "The rcsultin R mixiure was then purified 

described herein do not ^ present «PJ*^ ho|w hv one, or a cumbination of the methods 
metric evidence of sulphur c ross-linkagc hereinbefore dc^crilxd to allord ihe sodium 

o5 Hquivalcnt to the amylopcam sulphate* ol ncrcinoc 



A particularly preferred and useful cmbodi- 
mcnt of this invention is the sodium salt oi 
sulphated potalo starch amylopeain possessing 
-ubstantiallv 1.6 sulphate pToups per glucose 
unit and characterised by a molecular weight 
of about 6.3XlO f . 

'Hie compounds of the present invention 
have also been found to exhibit moderate anti- 
coaeulant activity and negligible anti-lipcmic 

at "n the following examples, temperatures are 
civen in degrees centigrade ( C) and quantities 
of materials are expressed in pans by weight 
unless otherwise noted. 

HXAMPt.li I 
l\. a smpension *.f HH> parts of potato 
March amylopeain in 200^X00 P*«s of water 
was added successively 25—50 purts of ICXa — 
50Vr sodium hydroxide and 100 — 400 pans 
of the sulphur trioxidc-trimethylaminc com- 
plex, lhc reaction mixture was stirred 
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nit of sulphatcd potato starch amylopcctin 
containing substantially one to one and three- 
fourths sulphate groups per glucose unit. 

Use of 100 pans of potato starch amyic- 
pectin, 600 parti i of water, about 35 parts 
of 10% sodium hydroxide and 300 pa™ «J 
the sulphur triwide-trlmcthylamw complex 
In the above procedure for a period of 18 
noun at room temperature, followed by 5 

K at 30°, y«« ld « r V lcr r dial C, a eS d S 
drying, the sodium salt of sutohatcd potato 

starch amylopcctin conuining 

sulphate groups per glucose unit, as a I**"™'- 

ThU aubSancV la characterise^ a molccuUr 

weight of »pp^ ,Mttl y. 6 - 3x,0 V,f A d ^ 

Jmincd by the light-scattering method* A 0.5% 
Son in distilled water, at 20° C, exhibits 
an absolute viscosity of 11.25 ccnt.p^sc, when 
measured by the method of Hoppler, World 
Petroleum Congress London Proc.. i, 3UJ 

(19 In 3) a similar manner, substitution of a 
. molecular equivalent quantity of anm™'"™ . 

hydroxide for sodium hydroxide used in the 
25 above procedures afforded respectively: ihc 
25 ammonium salt of sulphatcd I™"""* 
amylopcctin possessing »«»»»» nna "y °" c *J 
one and three-fourths sulphate groups per 
clucosc unit, and the ammonium salt ot sul- 
phatcd potato starch amylopcctin containing 
substantially l.« sulphate groups per glucose 

unit. _ , 

Example 2 
To about 75 pans of pyridine was added, 
at 10—20° over a period of about 2 hours, 
12 pans of chlorosulphonic acid. After com- 
pletion of the addition, the mixture was heated 
to about 70 % and 2 parts of potato starch 
amylopcctin were added with stirring, waam 
and stirring were continued for about 2 hours, 
after which time agitation was stopped, ana 
the mixture was allowed to stand in order to 
permit the product to settle. The hot super- 
natant layer was removed by dccantation ana 
discarded To the solid was added approxi- 
mately 70 parts of water, and then concen- 
trated hydrochloric acid to approximately pH 
2. The resulting aqueous acidic mixture was 
added,- with vigorous stirring, to about HO 
pans of 2-propanol. At the end of approxi- 
mately 30 minutes, stirring was discontinued, 
and the precipitate was allowed to settle. Pic 
™pr aatant liquid was decanted nd dis- 
carded. Approximately 60 parts of water were 
added to thVprccipitatc, and this aqueous mix- 
ture was stirred, until solution was ™ mp '££ 
To that solution was carefully added 10 ,r 
aqueous sodium hydroxide to about pi! < £25. 
and this alkaline solution was added to about 
165 parts of 2-propanol. After stirring for 
about 10 minutes, the precipitate was allowed 
?o settle, and the 2-propanol phase was . separ- 
ated by dccantation and discarded. I«» in*. 
Precipitate was then added approximately 40 
65 £ns of water, and the resulting mixture was 



stirred for 'about, 16 hours. The pH was 
adjusted to approximately 8.5 by the addition 
of aqueous sodium hydroxide, and iluv 
alkaline solution was added to about 165 pans 
of 2-propanol at a temperature of about 10. 
After stirring for about 15 minutes and stand- 
ing for about 10 minutes, the supernatant 2- 
propanolic solution was decanted, Vjd the 
preupitatc was stirred with about 60 part* 
of water. This aqueous mixture was clanhed 
by ccntrifugation, then was spray dried to 
afford the sodium salt of sulphatcd pot«o 
starch amylopcctin as a white powder. I he 
nrSuaTiSs substantially 1.8 sulphate 
kroupl per glucose unit and possessed a mole- 
fular weight of about 125 million, as deter- 
mined by light-scattering technique. 
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Example 3. 
To 284 pa«» of Py« dinc waaadded drop- 
wise with stirring 10 parts of dilorosulph«HC 
acid, keeping the temperature 
1-hc temperature was then raised to about 
77° and 7 parts of potato starch amylopcctin 
were added. Stirring and heating ^ con- 
tinued for approximately 1 hour, at the end 
of which time the reaction mature was allowed 
to stand in order to pen"" »" c ,nso !" b '° 
material to settle. The supernatant pyridine 
Solution was removed by ?"ant".on, "J 
the remaining solid was dissolved in 200 pans 
of water. This aqueous solution was made 
acidic to pH 1.6 by the addition of concen- 
trated hydrochloric acid, and then was poured 
mo 1280 pan* of ethanol ITic Resulting 
mixture was allowed to stand at 0-5" for 
about 16 hours. Dccantation of the super- 
naunt liquid alforded a solid residue which 
was dissolved in 200 pans of water, lhis 
aqueous solution was made alkaline to a pH 
of approximately 9 by the addition of ddute 
sodiuAi hydroxide. Lyophi isatum of a ponmn 
of this pit 9 aqueous solution afforded the 
sodium »lt of sulphatcd potato starch jirnylo- 
pectin containing substantially 1.2 sulphate 

^rhc tmalnutr 0 oTrfiat aq.icous alkaline 
solutionis centrifuped at 3600 revolutions 
per minute for about 90 minutes, and the 
supernatant liquid dried by lyopluhsat.on, 
,S in «he sodium salt of sulphatcd potato 
starch amylopcctin containing substantially 16 
sulphate groups per glucose unit. 

LyophnisatU of a suspension ol the rcs.due 
afforded the sodium salt of sulphatcd potato 
starch amylopcctin containing substantially 
one sulphate group per glucose unit. 

Example 4 
suspension of 10O| parts of potato 
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To 3 suawiiaiwn ~* • — i i • 

starch amylopeain in 400 pans of water was 
added successively 35 pans of IS* sodium 
hydroxide in 300 parts of the sulphur tnoxidc- 
trimcthylaminc complex. The react.™ nux- 
Hire was stirred vigorously for about 26 hours 
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14 houn. To tno ncuw « - 
cetyltrimcthylammoaium chloride. The r«uit- 
tagprecipitite wm removed by ccntnfugation 
and the pr^pi»tlngji«tenwry ^onium 
derKitive? *ai removed by auipcniion of the 
precipiuce in- water, tad then dried to Mfora 
S^cityltrimeihylammonium salt of tulphatcd 
potato lurch arnylopcctin containing substan- 
tiaUy 1.3 wlphate groups per g^coce. 
Other quaternary ammonium compounds 

be substituted, for cey' ~^ ,flmmomum 

chloride in the prwxsa 
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' *k M «r Ago for oer glucose unit and characterised also by a 

It room tcmperaru^ and th^^^^ molecular weight of about 6.3 XlO'. . 

14 houra. To the wu^Eg^JK 6 . A pepsin-inhibiting and anti-ulccrogcmc 50 

water-soluble sodium) salt of sulphated potato 
starch arnylopcctin, as claimed in any one olM 
preceding claims 1 to 4, said sodium salt con- 
taining substantially 1.8 sulphate gioups per 
gluxosc unit and characterised also by a mole- 
cular weight of about 12.5X10'. 

7. A proccM for the production of pcP 81 " 
inhibiting and ami -ulcerogenic sulphated 

^ „ *7 ammonium ;«»^"" imvloOcctins and the water-soluble salts, 

can be aubstituted. for *ftaime^^ ^eff as claimed in any one of the preceding 60 
fwtcesa of Example 4 with tnew y]opcctl 

which has suffered minimum degradation ana 
is characterised by a molecular weigh*, greater 
than 1X10% is contacted with a sulphaung 
agent known to sulphate hydroxyl groups under 
conditions causing minimal degradation until 
1 to 1.8 sulphate groups per glucose unit 
have been introduced. . 

8 A process as claimed m claim 7 wherein 
the sulphating agent is sulphur trioxidc-tn- 
mcthylaminc. « 

9 A process as claimed in claim 7 or » 
wherein the salts arc the alkali metal and 
ammonium salts. ,.«»_• 

10 A process as claimed in claim 9 wherein 
the alkali metal salt is the sodium salt. 

11 A process as claimed in any one of 
the preceding claims 7 to 10 wherein the 
sulphation is allowed to proceed to a degree 
of substitution of substantially 1.6 sulphate 
croups per glucose unit. • 

12 A process as is claimed in any one of 
the preceding claims 7 to 10 wherein the 
sulphation is allowed to proceed to a degree 
of substitution of substantially 1.8 sulphate 
croups per glucose unit. 

13 A process as claimed in claim 7 sub- 
stantially as described with reference to any 
one of the Examples, 
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similar results. 

WHAT WE CLAIM IS:— . 

1. Pepsin-inhibiting and anti-ulcerogcnic, 
sulphated amylopectins, containing from 1 to 
1.8 sulphate groups perjlucose unit, and 
water-soluble raits thereof, said sulphated 
arnylopcctin products having a molecular 
wxfght of 1 to 30X10', and being demed 
from potato starch arnylopcctin charaaenscU 
by a molecular weight greater than IX 10 
and which has suffered minimum depadation, 
by sulphation under conditions causing mini- 
mal degradation. . . ^ - r 

2. Pepsin-inhibiting and anti-ulcer^emc 
s ulphat«famylopcctins, and the water-sc4ubk 
salts thereof, as claimed in claim 1, derived 
from potato starch arnylopcctin, 
suffered minimum degradation, by sulphation 
with the sulphur trioxide-trimcthyUminc ; com- 
plex under conditions causing minimal 
degradation. , . 

3. Pcpsin-inhibiting and ^ Xc ^^ 
water-soluble sate of sulphated ■^pectm 
as claimed in claim 1 or 2, wherein the salts 
•re the alkali metal and ar^on.iun salts. 

4. Pepsin-inhibiting and anti-ulccrogcmc 
water-soluble salts of highly and rapidly water- 
soluble sulphated amylopectins, as claimed in 
claim 3 wherein the alkali metal is sod mm, 

5. A pepsin-inhibiting and ami ulcero- 
genic watSuWe sodium salt of sulphated 
potato starch arnylopcctin, as cUimed in any 
Snc of the preceding claims, ^J*»™»* 
containing substantially 1.6 sulphate groups 
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ELKINGTON & FIFE, 
Chartered Patent Agents 
High Holborn House, 
London, W.C.I. 
Agents for the Applicants. 
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